The Tropic cup used in combination with an alumina ceramic femoral head, had good results, similar to those of the Charnley cup. When used in combination with a stainless-steel head, however, the risk of revision beyond four years was increased 3.4 times for the Tropic cup compared with the Charnley cup (p < 0.001). Over the same period, the Atoll cup had an increased risk of revision of 3.8 times when used with the alumina heads (p < 0.001) and an increased risk of 6.1 times when used with stainless-steel heads (p < 0.001). Revision because of wear and osteolysis was more common with both types of HA-coated cup than with the Charnley cup. The rate of revision of the Atoll cup because of aseptic loosening was also increased.
During the last ten years, uncemented hydroxyapatite (HA)-coated hip prostheses have become increasingly popular. Their use has been particularly indicated in younger patients, since the long-term results of cemented implants in such patients has been relatively poor and the short-term results of many uncemented cups have been good. 1 Using roentgen stereophotogrammetric analysis, it has been shown that HA-coated cups give primary fixation which is comparable with that of cemented cups, 2 and a better primary fixation than that of porous-coated cups. 3 Several reports have, however, suggested that after some years the HA coating either delaminates, dissolves or resorbs, [4] [5] [6] [7] and the follow-up period of most clinical studies on uncemented HA-coated hip prostheses has been short. Uncemented cups have been used in combination with heads of various materials and wear has been shown to depend on both the material and the design of the head. 8 It is generally accepted that the production of particulate debris is related to loosening of the prosthesis and osteolysis. 9, 10 Our aim was to compare the results of the cemented allpolyethylene Charnley cup with those of two uncemented HA-coated cups used in combination with two alternative designs of head.
Patients and Methods
Our study was based on information recorded in the Norwegian Arthroplasty Register 11 relating to patients who underwent total hip replacement between 1989 and 1999. Information in the register which contains 70 000 cases was recorded individually for every operation. Each surgeon filled in a form with all the standard information. When a 'revision' was carried out anywhere in the country, a new report was sent to the register with information concerning the reason for revision and the type of procedure which was undertaken. Details of any surgery were linked by the patients' identification number, thus providing a complete follow-up.
We assessed the results of the two HA-coated acetabular components which had been in use in Norway for more than six years. These were the Tropic (DePuy, Chaumont, France), which is a threaded HA-coated metal-backed cup in use since 1989, and the Atoll (DePuy), which is a hemispherical HA-coated cup, also metal-backed, used since 1990. The HA (Ca 10 (PO 4 ) 6 (OH) 2 ) deposit was plasma-sprayed on to both cups. The purity of the HA was 50% to 70% of crystalline phase, and the thickness 155 m. The metal backing for both cups was forged from titanium alloy (Ti 6 Al 4 V). The surface to be coated was blasted with a mean surface roughness of 4 to 6 m and a peak roughness of 30 m, according to the manufacturer. Before 1995, the polyethylene liners in both cups were machined from the resin GUR 412 (Hoechst Hostalen, Germany) with a molecular weight of 4.5 x 10 6 ; after that date, they were made from the resin GUR 415 (Hoechst Hostalen, Germany) with a molecular weight of 7.7 x 10 6 . They were sterilised by gamma irradiation in air before 1992, by beta irradiation in air between 1992 and 1997, and thereafter by gamma irradiation in air.
Of the 4733 uncemented cups (3361 Tropic and 1372 Atoll) 4436 had been used in combination with either the tapered uncemented HA-coated Corail femoral stem (DePuy) or the cemented Titan stem (DePuy) ( Table I) . Either an alumina (Al 2 O 3 ) ceramic (Biolox) (1751) or a stainless-steel (316L Inox, DePuy) head (2125) was used with these stems. In 560 cases the head was made from other materials or details of the material were not given. These were not included in the study, leaving 2658 Tropic and 1218 Atoll cups to be studied. The diameter of the head was most commonly either 28 mm (67%) or 32 mm (32%). The surface roughness of the stainless-steel heads was 0.05 m (R a = 0.0500 m) and of the ceramic heads, 0.02 m (R a = 0.0200 m), according to the manufacturer. The Corail and Titan stems, and the Atoll and Tropic cups had, until 1998, been distributed by Landos (Landanger, Chaumont, France), and from then on by DePuy.
The two uncemented HA-coated cups were compared with 16 552 Charnley all-polyethylene cups (DePuy, Leeds, UK) in patients operated on during the same period and cemented with high-viscosity Palacos cement (ScheringPlough International Inc, Kenilworth, New Jersey). The Charnley cup was selected to represent cemented cups since it was the most common implant, used in 47% of all primary total hip replacements in the Norwegian Registry. The Palacos high-viscosity cement was the most commonly used cement, and its good results have been documented. 12 Only cups fixed with antibiotic-containing Palacos cement (85%) or plain Palacos cement (15%) were included. The Charnley cups had almost exclusively been used in combination with Charnley femoral stems (DePuy, Leeds, UK). Those used with other stems (2%) were excluded from the study, leaving a total of 16 162 replacements to be studied. The Charnley stem is monobloc, made of stainless steel (Orthron90), with a head diameter of 22.225 mm and with a surface roughness equal to 0.04 m (R a = 0.0426 m), according to the manufacturer. Statistical analysis. Cox regression analyses were performed using failure, defined as any revision of the cup (i.e. exchange of the polyethylene liner or exchange of the whole cup) as the endpoint of survival. 13 In additional analyses the endpoint was defined as revision for aseptic loosening of the cup. The survival times of patients who had died or emigrated without revision surgery were censored at the time of death or emigration (from the Central Bureau of Statistics, Oslo, Norway). Multiple Cox regression analyses provided estimates of survival probabilities and relative revision risks (revision rate ratios) for the different combinations of the head and cup with adjustment for possible bias by gender, age (by decade) and diagnosis.
Estimates from Cox analyses with strata defined by the cup/ head combination were used to construct adjusted survival curves at mean values of the potential confounding factors. Since uncemented prostheses were more commonly used in young patients, we undertook separate analyses for patients younger or older than 60 years at the time of the primary operation. Inspection of the survival curves showed a marked decrease in survival after four years. Analyses were therefore done with time-dependent risk factors included in the Cox regression model. The effect of the brand of prosthesis on the survival was assessed considering two separate time periods in the follow-up, namely, the first four years and the rest of the follow-up. The median follow-up time was calculated by the reverse Kaplan-Meier method.
14 The software packages used for statistical analyses were the S-PLUS (Statistical Sciences Inc, Seattle, Washington) and the SPSS (SPSS Inc, Chicago, Illinois).
Results
The distribution of the diagnosis, gender and age of the patients is given in Table I . The Charnley group contained more older patients and more women and had a larger proportion with primary osteoarthritis than the groups with HA-coated cups. In the patients under 60 years of age, however, the groups were more homogenous. The Charnley cups were used exclusively in combination with 22 mm femoral heads but the HA-coated cups were most commonly used with 28 and 32 mm femoral heads (Table I ). The 32 mm diameter head was used less often towards the end of the study period. Between 1989 and 1994, 62% of the HA-coated cups had an inner diameter of 32 mm compared with 7.4% in the period from 1995 to 1999. The cemented Titan stem had been used in a small number of mainly older patients, whereas almost all patients under 60 years of age with Tropic or Atoll cups had an HA-coated Corail stem.
The results of the HA-coated cups, with any cup revision as the endpoint, varied with the material of the head (Figs 1a and 1b). When used in combination with ceramic heads, the survival of the threaded HA-coated Tropic cup was similar to that of the Charnley cups. When used in combination with stainless-steel heads, however, the survival of both the Tropic and the Atoll HA-coated cups was worse than the Charnley (Table II) . The differences were small during the first four years but thereafter the risk of revision was increased 3.4 times (p < 0.001) for the Tropic cup combined with a stainless-steel head and 6.1 times (p < 0.001) for the Atoll cup combined with a stainlesssteel head compared with the Charnley cup. When used with alumina ceramic heads, the Atoll cups had an increased risk of revision of 3.8 times that of the Charnley (p < 0.001).
The greatest differences were found in patients under the age of 60 years (Fig. 1b , Table II ). In this age group, the risk of revision beyond four years was increased 7.0 times (p < 0.001) for the Atoll/stainless-steel combination (cup/ head) and 3.6 times (p < 0.001) for the Tropic/stainless-steel combination, compared with the Charnley cups (Table II) . The rate of revision for aseptic loosening of the Atoll cups was increased. In patients under 60 years of age, the risk of revision for aseptic loosening beyond four years was increased 9.3 times when the Atoll cup was used in combination with a stainless-steel head and 3.8 times when used in combination with a ceramic head (Fig. 1c , Table III) .
Revisions due to osteolysis, wear or other problems related to the polyethylene, were more common for the HA-coated than for the Charnley cups, but the numbers of revisions due to these causes were small (Table IV) . We found a tendency for better results in cups with an inner diameter of 28 mm compared with 32 mm, and for cups used in combination with uncemented HA-coated Corail stems compared with cemented Titan stems. These findings, however, were not statistically significant.
Discussion
Our study has shown that neither young nor old patients would benefit from being given an uncemented HA-coated Tropic or Atoll cup instead of a cemented Charnley allpolyethylene cup. When used in combination with a stainlesssteel head, both the HA-coated cups were more likely to require revision than the cemented Charnley cup. When used in combination with a ceramic head, the hemispheric Atoll cup had an increased risk of revision, whereas the threaded Tropic cup when used in combination with a ceramic head, had results similar to those of the Charnley cup.
During the first four years of follow-up, the differences in performance were small, but beyond that period the results for the two HA-coated cups used in combination with the stainless-steel heads, were clearly inferior to those of the Charnley cups both in patients under and over 60 years of age.
These results are similar to those reported by other authors. Røkkum et al 15 followed 94 HA-coated threaded
Tropic cups for seven to nine years. There were five revisions for loose cups which had been incorporated initially, and 18 revisions due to wear. The results were the same with either ceramic or stainless-steel heads although only 11 ceramic heads had been used. Vidalain and the ARTRO group 16 reported no revisions because of aseptic loosening, but found abnormal wear in 6% of a series of 93 Tropic cups with a follow-up of six to nine years. We found that only one of 16 162 Charnley cups had been revised because of wear, compared with 31 out of 2658 Tropic cups and ten out of 1218 Atoll cups. The background for the use of uncemented cups in younger patients was the reported high rates of radiological loosening of cemented cups in some long-term studies and the good short-term results of porous-coated uncemented cups. HA coating on cups was expected further to improve primary fixation. However, D'Antonio et al 17 found that 6% of threaded HA-coated cups and 25% of press-fit HAcoated cups had been revised because of aseptic loosening, at a mean follow-up of 6.8 years. Manley et al 18 found that 1% of threaded HA-coated cups and 11% of press-fit HAcoated cups had been revised because of aseptic loosening at a mean follow-up of 7.9 years. If the HA coating detaches or disintegrates, the fixation of the cup is determined by the metal structure underneath the HA coating. The use of cups with a macrostructure which provides physical interlocking between the cup and bone, would seem therefore to be rational for HA-coated implants. 18, 19 Another solution could be to use uncemented cups with a porous metal surface under the HA coating.
Overgaard et al 20 found that HA coating on a porous-coated metal surface gave better fixation than an HA coating on a grit-blasted metal surface, when they tested femoral condylar implants in dogs. Both the fixation of the HA coating to the metal surface and the fixation of the implant to the surrounding tissues were better in comparison with HAcoated grit-blasted implants.
The need of an HA coating on uncemented cups can be questioned since satisfactory results have been reported from studies with follow-up for more than ten years of different brands of porous-coated hemispherical cups. [21] [22] [23] In these reports aseptic loosening was seen in 0% to 2% of cases. An improvement of the initial stability, which was expected by the use of the HA coating, may have been unnecessary. The Charnley head has a diameter of 22 mm. The common use of heads of larger diameter in the HA-coated cups in this study, may have had a negative influence on the results. No clear evidence about the influence of the diameter of the head can be taken from the present study because of the uneven distribution of heads of 28 and 32 mm diameter during the study. The properties of the polyethylene may have been different between the Charnley and the HA-coated cups, and thinner polyethylene liners used with the uncemented cups, compared with the Charnley cups, may have been a factor.
The risk of revision due to aseptic loosening or wear was increased when heads of stainless steel were used with the HA-coated cups, compared with ceramic heads. Since all the Charnley cups were used in combination with stainlesssteel heads, the inferior results cannot be attributed only to the metal although the two alloys of stainless steel may have been associated with slight differences. Ceramic heads are smoother, and are said to be more scratch-resistant than stainless-steel heads. The difference in initial surface roughness between the stainless-steel heads used with HAcoated cups and the Charnley heads is small, but as the two heads are of different alloys their roughness may have altered differently with the passage of time. It is also possible that HA particles from the coating of the cup or stem may have scratched the surface of the stainless-steel heads and contributed to their higher rate of revision in the HA-coated group.
Increased wear and production of polyethylene particles may also have contributed to the increased rate of osteolysis and aseptic loosening of the cups used in combination with stainless-steel heads. 9 Nordsletten et al 24 found a possible contributing factor in the form of metal particulate debris from the taper between the stainless-steel head and titanium stem which had been used in combination with the HA-coated cups in their study. In addition, the HA coating itself may be a source of particles. We found a tendency towards better results with the HA-coated cups used in combination with the HA-coated Corail stem compared with the cemented Titan stem, and accordingly particles from the HA coating on the stem seem not to have any additional negative effect on the HA-coated cup.
Our results for the Charnley cups were comparable with those of other studies. [25] [26] [27] The good results of Charnley cups inserted with high-viscosity Palacos cement may not apply to all cemented cups, which may vary with the brand of cup or cement, the operative technique, and probably also the diameter, material and surface roughness of the head. According to a recent study from the Norwegian Arthroplasty Register, the 0-to 12-year results were generally good for all brands of cemented cup, and the Charnley cup did not perform better than other cemented all-polyethylene cups. 28 Neither of these two HA-coated cups performed better than the Charnley cup. The hemispherical HA-coated cup was inferior to the threaded, and stainless-steel heads were associated with a worse performance of the cup than ceramic heads. Our study does not support the use of the Atoll cup or of the stainless-steel head in combination with HA-coated cups. Even when used in combination with the ceramic head, the best HA-coated cup, the Tropic, did not give results better than those of the cemented Charnley cup in any age group of patients.
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